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@ Catalytic process for preparing ethylene-tetracarboxylic esters.

@ Process for preparing ethylene-tetracarboxylic esters by dimerization of malonic compounds of the formula:

<
.

X
CH
v

wherein X = COOR, Y = COOR’ and R and R’ represent an organic group, characterized in that the
dimerization is an oxidative dimerization conducted in the presence of a catalyst consisting of the salt of a
transition metal.
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CATALYTIC PROCESS FOR PREPARING ETHYLENE-TETRACARBOXYLIC ESTERS

The present invention relates to a process for preparing sthylene-tstracarboxylic esters of the formula

(I or (lly:
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e \

starting from malonic compounds of the formula ({ll):

wherein X =

COOR, Y =

X

~

CH:2

N

COOR' and R and R, the same or different, are organic groups, inert under the

(IIT)

synthesis conditions. There are known methods of preparing esters of the formula (l) or (Il), where X = Y =
COOR and where R is an alkyl group, starting from malonates and NaOH (25% b.w.) in CH2Clz, containing
tetrabutylammonium bromide and trichlorobromomethane (see German Patent 3,031,348), or by electrolytic
dimerization the malonate (see U.S. Patents 4,076,601 and 4,659,441); these ethylene-tetracarboxylic esters
can be used in detergent formulations or for the production of technopolymers. Furthermore, they can be
transformed into pinacol derivatives by catalytic hydroxylation with hydrogen pe roxide.

The Applicants have now found that it is possible to obtain the same esters by an alternative simpler,
quicker and more advantageous process.

In its widest aspect, the invention relates to a catalytic process for preparing ethylene-tetracarboxylic

esters of formula (1) or (I):
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{cis form)
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(trans form)

by dimerization of malonic compounds of formula (lil):

whergin X =

COOR, Y =

X
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COOR’ and R and R, the same or different, represent an organic group inert
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under the synthesis conditions; the process is characterized in that the dimerization is an oxidative
dimerization, which is carried out by the use of oxygen (or another gas containing oxygen), in the presence
of a catalyst consisting of an inorganic (for instance nitrate) or organic salt of a transition metal pre ferably
selected from manganese, cobalt and copper.

Very good results are attained if the work is carried out under anhydrous conditions and in the presence
of an organic salt of an alkali metal or of an alkaline earth metal and if the synthesis is performed at 30-
200°C, in a polar solvent, which can solubilize the catalyst. The pressure is preferably between at-
mospheric pressure and 50 bar; the space velocity of the oxidizing gas (oxygen, air, enriched air, poor air or
other gases) is at least 2 Normal-litres/h per llter of reacting volume.

The above mentioned groups R and R of formula () and (l)may represent, for instance, alkyi,
cycloalkyl, aryl or heterocyclic groups (optionally substituted), containing from 1 to 18 C atoms. As an alkyl
group we mean also an arylalkyl group, a (cycloalkylalkyl group or an alkyl group substituted with
heterocyclic groups, containing O, N or S in the ring; as an aryl group we meéan also an alkyl-aryl group, a
cyclo-alkyl-aryl group or an aryl group substituted with said heterocyclic groups; as a cycloalkyl group we
mean also an alkyl-cycloalkyl group, an aryl-cycloalkyl-group or a cycloalkyl group substituted with said
heterocyclic groups; as a heterocyclic group we mean also an alkyl-, cycloalkyl-, or aryl-heterocyclic group.

Generally, the catalyst is selected from the Mn, Co, Cu salts of carboxylic acids containing from 1 to 22
C atoms; among these salts acetates are preferred; the same catalyst may be used in very little amounts,
generally between 0.030 and 0.001 mols of metal (contained in the catalyst) for each mol of the desired
tetracarboxylic ester. The polar solvent in which the catalyst dissolves is preferably selected from the
aliphatic carboxylic acids containing up to 5 C atoms, in particular acetic acid.

The reaction conditions can be easily maintained under the anhydrous state by adding an anhydride,
preferably acetic anhydride. The alkali metal or alkaline earth salt (to be used together with the catalyst) can
be advantageously the salt of a carboxylic acid containing from 1 to 22 (and better from 1 to 10) carbon
atoms and it can be preferably the sodium salt of acetic acid. Obviously, the reaction temperature (from 30
to 200° C) is depending on the composition of the reaction mixture and on the desired reaction rate. At the
end of the synthesis, the ester of formula (l) is separated, upon distillation of the solvent, by an usual techni
que, such as for example the extraction by means of organic solvents, followed by precipitation.

It is also advantageous to recover the catalyst from the reaction mixture and to recycle it into the
reaction system. )

The process of the present invention allows one to obtain the comipounds of the formula (1) and (il) with
good yislds, with a good control of the reaction and therefore by a simple and economic method; therefore,
it can be exploited in many an industrial preparation.

Some examples follow to illustrate the invention without fimiting the same invention.

EXAMPLE 1

Into a glass reactor provided with agitator, condenser and a control system for the temperature and for
the oxygen feed, were loaded:
1 g (0.0037 mols) of Mn{(CH3C00)3.2H20
20 g (0.244 mols) of anhydrous CH3COONa
35 g (0.219 mols) of diethyl malonate
33 cm? of acetic acid
50 em? of acetic anhydride
Into the mixture 10 litres/h of oxygen were allowed to bubble, while keeping the reaction mixture at
100" C by means of an external cil bath; after 8 hours, at the end of the reaction, the solvents were
removed and a fraction was obtained which contained:
3.0 g (0.018 mols) of diethy! malonate;
1.9 g (0.011 mols) of diethyl ketomalonate;
29.5 g (0.093 mois) of 1,1,2,2-tetrasthyl-ethylene-tetracarboxylate.
Therefore,the tetraethyl-1,1,2,2-ethyl enetetracarboxylate was obtained with a 85% vyield.

EXAMPLE 2

Into the same reactor of exampls 1 were loaded:
1 g (0.0037 mols) of Mn(CH3C0Q0)3.2H,0
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20 g (0.244 mols) of anhydrous CH3COONa
60 cm? of tert. butyl alcohol
40 cm? of acetic anhydride
into the mixture 10 litres/h of oxygen were allowed to bubble, while keeping the reaction mixture at a
lower temperature (80° C) by means of an external oil bath; after 8 hours, when the reaction was completed,
solvents were remo ved and a fraction containing:
9.2 g (0.057 mols) of diethyl malonate;
2.5 g {0.014 mols) of diethylketomalonate;
22.13 g {0.070 mols) of tetraethyl-1,1,2,2-ethylenetetracarboxylate;
was obtained; the yield was 64%.

Claims

1. Process for preparing sthylene-tetracarboxylic esters having the formula (1) or (Il):

N, .

(1) C=gq (IT)

N S\

starting from compounds of the formula (Il

7
N

X

CH (III)

Y

wherein X = COOR, Y = COOR, R and R’ being the same or different, represent an organic group, inert
under the synthesis conditions, characterized in that the dimerization is an oxidative dimerization which is
performed by use of oxygen (or of another oxygen containing gas), in the presence of a catalyst consisting
of the inorganic or organic salt of a transition metal preferably selected from manganese, cobalt and copper.

2. Process according to claim 1, wherein the dimerization is performed at 30-200° C, under anhydrous
conditions, preferably maintained by addition of an anhydride (such as acetic anhydride), in the presence of
an organic salt of an alkali metal or of an alkaline-earth metal, in particular a salt of a carboxylic acid
containing from 1 to 22 (preferably from 1 to 10) carbon atoms, such as for instance acetic acid.

3. Process according to claim 1 or 2, wherein the dimerization is performed at a pressure comprised
between the atmospheric pressure and 50 bar, in the presence of a polar solvent (organic), preferably
selected from the carboxylic acids containing from 1 to 5 carbon atoms, in particular acetic acid.

4. Process according to anyone of the preceding claims, wherein the space velocity of the oxidizing gas
is equal to or higher than 2 normal-litres/h for each liter of reacting volume.

5. Process according to anyone of the preceding claims, whersin the mentioned inert groups R and R,
in formulae (1), (Ih and (Ill), represent alkyl, cycloalkyl, aryl or heterocyclic groups, optionaily substituted,
containing from 1 {0 18 C atoms.

6. Process according to anyone of the preceding claims, wherein the catalyst is selected from the salits
derived from a carboxylic acid containing from 1 to 22 C atoms and from a transition metal selected from
Mn, Co and Cu, the amount of catalyst (expressed as pure metal) being from 0.030 to 0.001 mols for each
mol of tetracarboxylic ester.

7. Process according to anyone of the preceding claims, whersin the tetracarboxylic ester is separated,
at the end of the synthesis and upon distillation,from the organic solvent, by exiraction with an organic
soivent followed by precipitation.
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8. Use of the ethylene-tetracarboxylic esters, obtained according to the process described in anyone of
the preceding claims, in the field of detergent formulations.

9. Use of the ethylene-tetracarboxylic esters, obtained according to the process described in anyone of
claims from 1 to 8, for the manufacture of technopolymers.

10. Use of the ethylene-tetracarboxylic esters, obtained according to the process described in claims
from 1 to 8, for the synthesis of pinacol derivatives by catalytic oxidation with H20..
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